The absolute configuration at two newly formed stereogenic centres (5S, 7S) during the key steps of the total synthesis of naturally occuring goniothalesdiol was established by single-crystal X-ray diffraction analysis relative to stereocentres (1S, 8R) of the title compound (alternatively named 3,6-anhydro-2-deoxy-6-phenyl-L-ido-1,4-hexonolactone, C 12 H 12 O 4 ). The conformation of both 5-membered lactone and furanose fused rings is also discussed.
Introduction
As a part of our long-term programme on palladium(II)-catalyzed oxycarbonylation of unsaturated polyols [1] , we are interested in the preparation of naturally occuring biologically active lactones [2] [3] [4] [5] structurally related to precursors of goniothalesdiol (1) (Figure 1) . Recently, this compound was isolated from the bark of the Malaysian tree Goniothalamus borneensis (Annonaceae) and was shown to have a significant cytotoxicity against P388 mouse leukemia cells and insecticidal activities [6] . Goniothalesdiol (1)
Results and Discussion
The title compound 3,6-anhydro-2-deoxy-6-phenyl-L-ido-1,4-hexonolactone (2) , representing the key intermediate in the first total synthesis of goniothalesdiol [5] , was prepared by palladium(II)-catalyzed oxycarbonylation of diastereomeric mixture of (1S, 2S, 3R) and (1R, 2S, 3R)-1-phenylpent-4-ene-1,2,3-triol (3) (Scheme 1). The products were separated by column chromatography.
Scheme 1
From the point of view of the synthetic project, it is very important to know its correct configuration at the C-1, C-5, C-7, and C-8 atoms. Because of the obvious difficulties in unambiguously establishing the configuration at two newly formed stereogenic centres C-5 and C-7 (R versus S) by NMR methods, suitable crystals of compound 2 were subjected to X-ray analysis. This confirmed 5-S and 7-S (relatively to the known 1-S and 8-R) configuration of 2 thus indicating a cis-fusion of the fivemembered lactone and tetrahydrofuran rings. The relevant 1 H-NMR coupling constants J 7,8 = 2.6 Hz and J 1,5 = 4.3 Hz are also confirmative of the established structural arrangement. A perspective view and the numbering scheme adopted for molecule of 2 is depicted in Figure 2 . The relevant crystallographic and structure refinement data for lactone 2 are given in Table 1 . The selected bond lengths and bond angles are listed in Table 2 . A list of selected torsion angles is given in Table 3 . The hydrogen bond geometry is shown in Table 4 . Atomic coordinates and equivalent anisotropic displacement parameters have been deposited with CCDC as supplementary information [7] .
Figure 2.
Thermal ellipsoids plot at 50% probability level and atomic numbering of lactone 2.
The presence of a five-membered lactone ring fused to a furanose ring at the 2,3-position (C-5 and C-1 in Figure 2 Analysis of the molecular packing in the unit cell revealed two hydrogen bonds (Table 4 ). Atom O(1) acts as a bifurcated acceptor of both hydrogen bonds. The first-level descriptors based on the graph-set theory [9] give chain C1,1 (7) for O...O hydrogen bond while C...O hydrogen bond forms chain C1,1(5). On the second-level, C2,2(12) and C1,2(6) chains are formed by both types of hydrogen bonds. For convenience, the notation Xa,d(n) has also been adopted in this paper, in which (X) is the pattern descriptor, (a) is number of acceptors, (d) is number of donors and (n) is the number of atoms comprising the pattern. Table 4 . Hydrogen bond geometry in compound 2 
X-ray techniques
Crystal and experimental data for lactone 2 are summarized in Table 1 . Preliminary orientation matrix was obtained from the first frames using Siemens SMART software [10] . Final cell parameters were obtained by refinement of 7739 reflections using Siemens SAINT software [10] . The data were empirically corrected for absorption and other effects using SADABS program [11] based on the method of Blessing [12] . The structure was solved by direct methods and refined by full-matrix least-squares on all F 2 data using Bruker SHELXTL [13] . The non-H atoms were refined anisotropically. Hydrogen atoms were constrained to the ideal geometry using an appropriate riding model. Molecular graphics were obtained using the program DIAMOND [14] .
(1S, 5S, 7S, 8R)-8-Hydroxy-7-phenyl-2,6-dioxabicyclo[3.3.0]octan-3-one (2).
A 25-mL flask, purged with CO and connected to a balloon with CO gas, was charged with PdCl 2 (10 mg, 0.05 mol), anhydrous CuCl 2 (200 mg, 1.56 mmol), NaOAc (130 mg, 1.56 mmol), a mixture of (1S, 2S, 3R) and (1R, 2S, 3R)-1-phenylpent-4-en-1,2,3-triol (3) (100 mg, 0.52 mmol), and AcOH (10 mL). The mixture was stirred for 20 h at room temperature, then filtered through a short tube filled with cellulose (2 g). The solvent was evaporated under diminished pressure and the residue was purified by chromatography on a column of silica gel using hexane-ethyl acetate 
